Abstract -This work treat the modeling and simulation of non-linear dynamic behavior of a web winding process during traction. We designate by a winding process any system applying the cycles of unwinding, transport, treatment, and winding to various flat products. This system knows several constraints, such as the thermal effects caused by the frictions, and the mechanical effects provoked by metal elongation, that generates dysfunctions due to the influence of the process conditions. Several controllers are considered, including Proportional-integral (PI) and Backstepping control. This paper presents the study of Backstepping controls strategy of the winding system. Our winding system is simulated in MATLAB SIMULINK environment, the results obtained illustrate the efficiency of the proposed control with no overshoot, and the rising time is improved with good disturbances rejections comparing with the classical control law.
Introduction
Many types of materials are manufactured or processed in the form of a sheet or a web (textile, paper, metal, etc.), which then couples the processing rolls and the associated motor drives. The drives are required to work in synchronism to ensure quality processing and rewinding of the product. Tension is a very important web manufacturing and process setting. If severe tension variations occur, rupture of the materiel during processing or degradation of product quality can occur, resulting into significant economic losses due to material loss and reduced production rate. Therefore, in order to minimize the potential for loss, the need arises to adequately control the tension within a predefined range in a moving web processing section. Henceforth, due to their importance in industry, tension control problems have drawn the attention of many researchers. One problem is the establishment of a proper mathematical model. In [1] , a mathematical model of a web span is developed, but this model does not predict the tension transfer. This problem was addressed in [2] and [3] , with the assumption that the strain in the web is very small. However, the form of the nonlinear and coupling terms in the model are not always convenient for controller design so that other model structures, with comparable precision, are desirable. Several control strategies have been suggested to maintain quality and reduce sensitivity to external disturbances, including centralized multivariable control schemes for steel mill applications [4] , [5] and an H∞ control strategy to decouple web velocity and tension [3] , [6] . Also, for tension regulation in a web transport system, [7] proposed a control method based on a unique active disturbance rejection control (ADRC) strategy, which actively compensates for dynamic changes in the system and unpredictable external disturbances, [7] . A Sensorless Backstepping technique combined with a field orientation scheme has been developed for the control of induction motor to achieve rotor angular speed and rotor flux amplitude tracking objectives. An accurate knowledge of the rotor speed is the key factor in obtaining a highperformance and high-efficiency induction motor drive in [8] . In this work the design of backstepping to control a winding system is proposed in order to improve the performances of the control system, which are coupled mechanically., and synthesis of the robust control and application to synchronize and to maintain a constant mechanical tension between the rollers of the system. The advantage of Backstepping control is its robustness and ability to handle the non-linear behaviour of the system.
The model of the winding system, and in particular the model of the mechanical coupling, are developed and presented in Section (2) . Section (3) shows the direct fieldoriented control (FOC) of induction motor Section (4) shows the development of Backstepping technique control design. The Speed Control of Each induction machine by Backstepping controllers design is given in section (5). Simulation results using MATLAB SIMULINK of different studied cases is defined in Section (6) . Finally, the conclusions are drawn in Section (7).
System Models
In the mechanical part, the motor M1 carries out unreeling;, M3 drives the fabric by friction; and M5 is used to carry out winding;, each one of the motors M2 and M4 drives two rollers via gears "to grip" the band (Fig. 1) . Each one of M2 and M4 could be replaced by two motors, which each one would drive a roller of the stages of pinching off. The elements of control of pressure between the rollers are not represented and not even considered in thestudy. The stage of pinching off can make it possible to isolate two zones and to create a buffer zone. [9] , [10] .
The objective of these systems is to maintain the tape speed constant and to control the tension in the band. The used motor is a three phase induction motor type (IM) supplied by an inverter voltage controlled with Pulse Modulation Width (PWM) techniques. A model based on circuit equivalent equations is generally sufficient in order to make control synthesis. The dynamic model of three-phase, Y-connected induction motor can be expressed in the d-q synchronously rotating frame as [12] : 
Where  is the coefficient of dispersion and is given
The tension model in web transport systems is based on Hooke's law, Coulomb's law, [3] mass conservation law, and the laws of motion for each rotating roll.
Hooke's law
The tension T of an elastic web is a function of the web
Where E is the Young modulus,; S is the web section,; L is the web length under stress; and L 0 is the nominal web length (when no stress is applied).
Fig. 1. Five motors web transport system.

Coulomb's law
The study of a web tension on a roll can be considered as a problem of friction between solids, (see [8] and [9] ). On The roll, the web tension is constant on a sticking zone of arc length a and varies on a sliding zone of arc length g. The web tension between the first contact point of a roll and the first contact point of the following roll is given by:
Where μ is the friction coefficient, and L t = a + g + L.
The tension change occurs on the sliding zone. The web velocity is equal to the roll velocity on the sticking zone.
Mass conservation law
Consider an element of web of length
with a weight density ρ, under a unidirectional stress. The cross section is supposed to be constant. According to the mass conservation law, the mass of the web remains constant between the state without stress and the state with stress, 
Tension model between two consecutive rolls.
The equation of continuity, cf. [8] , applied to the web gives
By integrating on the variable x from 0 to Lt (cf. Fig. 2 ), taking into account (4), and using the fact that a + g << L, we obtain
This equation can be simplified by using the approximation
And using Hook's law, we get :
where L k−1 is the web length between roll k−1 and roll k;, T k is the tension on the web between roll k−1 and roll k;, V k is the linear velocity of the web on roll k;, Ω k is the rotational speed of roll k;, R k is the radius of roll k;, E is the Young modulus, and S is the web section.
Roll velocity calculation
The law of motion can be obtained with a torque balance,:
, is the rotational speed of roll k; k em C is the motor torque (if the roll is driven); and f C is the friction torque.
State space representation
The nonlinear state-space model is composed of (10) for the different web spans and of (11) for the different rolls.
Under the assumption that J k R k (k = 2, 3, 4, 5) is varying only slowly, which is the case for thin webs, V k can be chosen as a state variable in (11), leading to the following linear model:
Vector Control
The main objective of the vector control of induction motor is, to control independently the flux and the torque as a DC machines; this is done by using a d-q rotating reference frame synchronously with the rotor flux space vector [10] . In ideally field-oriented control (FOC), the rotor flux linkage axis is forced to align with the d-axes, and it follows that [6] , [7] 
Applying the result of (13) and (14), namely the indirect field-oriented control (IFOC), the torque equation becomes analogous to the DC machine and can be described as follows:
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The decoupling control method with compensation is aims to obtain the inverter output voltages such that [11] :
According to the above analysis, the indirect fieldoriented control (IFOC) [10] of induction motor with current-regulated with PWM inverter control system can reasonably be presented by the block diagram shown in the Fig. 2 . by the pole placement, the two complex poles are :
Backstepping Control Design
In this section, we use the Backstepping algorithm to develop the speed control law of the induction motor This speed will converge to the reference value from a wide set of initial conditions.
Step 1: Firstly we consider the tracking objective of the direct current ( dr  ). A tracking error
is defined, and the derivative becomes:
To initiate Backstepping, we propose ds i as a first virtual control. If the function stability is proposed as:
We obtain:
Due to the fact that ds i is not a control input, an error
is defined, and we have the derivative as follows:
Step 2:
The derivative of the error variable The insertion of the control function in the dynamics of the variable error 2 z gives : Step 3:
We now search to find the torque tracking error. The tracking error is for 0  dr  , which is defined as: 
The insertion of the control function in the dynamics of the variable error 3
The combined controller is shown in Fig. 3 , where we have 
Speed Control of Each IM Using Backstepping
To control the speed of the IM, We consider that So, its derivate is given as:
The control law obtained is:
The Fig. 4 shows the backstepping control strategy scheme for each induction motor. 
Simulation Results
The winding system we modeled is simulated using MATLAB/SIMULINK software and the simulation is carried out on 10 s.
To evaluate system performance, we carried out numerical simulations under the following conditions:
• Start with the linear velocity of the web of 5 m / s.
• The motor M1 has the role of unwinder a radius R1 (R1 = 2.25 m).
• The motors M2, M3, M4 are pinching the tape.
• The motor M5 has the role of winding a roll of radius R5.
Figs. (5-7) , shows that the effect of the disturbance is neglected in the case of the Backstepping controller. It appears clearly that the classical control with PI controller is easy to apply. However, the control with Backstepping offers better performance in the overshoot control.
The comparison between the two controllers PI controller and Backstepping control is achieved by comparison of the control performances: it has been made by the comparison of the average speeds of the five motors V avg , for each controller; this average is expressed by the equation (35).
As shown in Figs. (5-7 ). An improvement of the linear speed is registered, and has follows the reference speed for both PI controller and Backstepping control, but in case of PI controller, the overshoot in linear speed of unwinder is 25%. Figs. (5-7) show that with the Backstepping control, the system follows the reference speed after 0.5 s in all motors, however, in the PI controller the system follows after 2 s. 
Conclusion
The objective of this paper consists in developing a model of a winding system constituted of five motors that are coupled mechanically by a web whose tension is adjustable.and to develop the methods of analysis and synthesis and their application to synchronize.
The simulations results show the efficiency of the Backstepping control technique. The strategy of Backstepping Control brings good performances, and it is more efficient than the classical PI controller.
